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Abstract
Introduction. The unsatisfactory results of the survival in patients with acute lymphoblastic leukemia (ALL) 

until 2000 in our center have led us to improve the approach of diagnosis and therapy. Since 2003 in all patients 
the following have been performed: flow cytometry, conventional genetic diagnosis, FISH (fluorescent in situ hy-
bridization), and molecular biology. Objectives. Our aims were to identify solutions to increase patients’ survival. 
Patients and method. It is a single-center, retrospective study of 136 patients with ALL treated at 3rd Pediatric 
Clinic of Timisoara, over a period of 10 years (2003-2012), where survival was assessed. Results. Morphologically, 
86% of the patients were L1 type, 13% L2 type and 1% L3 type. Flow citometry revealed that 68% were ALL with 
B precursors, and 19% with T immunophenotype. Acute leukemia with mixed phenotype (biphenotypic) was iden-
tified in 2.3% of patients and 10.7% of the forms were acute leukemia with myeloid markers. In 27.7% of patients, 
mutations were detected by the RT-PCR method, the most commonly identified was TEL-AML1 (ETV6- RUNX1) 
accounting for 12.7% of the cases. Relapse-free survival at 5 years for the entire group was 59%, and for the group 
treated between 2008 and 2012 it was 72%. Conclusion. Our analysis confirms the decisive value of laboratory 
investigations for the prognosis and improvement of supportive therapy.
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Introduction

Acute leukemias represent a clonal expan-
sion and arrest at a specific stage of differenti-
ation of normal myeloid or lymphoid hemato-
poiesis. Acute lymphoblastic leukemia (ALL) is 
defined as a heterogeneous group of malignan-
cies, characterized by the proliferation of a ma-
lignant clone that remains in a certain stage of 
development (1). It is the most common form of 
cancer in children, being responsible for about 
30% of the childhood malignancies and 75% of 
all leukemias (2). ALL is a multifactorial disease 
due to interaction of endogenous and exogenous 
factors, as well as genetic predisposition. 

ALL is associated with several chromo-
somal anomalies, varying from aneuploidies 
(hyperdiploidy, hipodiploidy) to different types 
of chromosomal rearrangements (translocation: 
t(12;21)(p13;q22), t(1;19)(q23;p13), t(9;22)
(q34;q11), MLL  and MYC rearrangement and 
dysregulation of  several genes: TAL1,   P53, 
TLX1,  TLX3 and  LYL1 (1,3). Identification of 
genetic patterns for each patient is important as 
they impact the prognosis and allow patients’ 
stratification for treatment. It is known that the 
translocation t(12;21)(p13;q22) and hyperdip-
loid state represent an indicator for a good out-
come while hipodiploidy and MLL aberrations 
are associated with a poor prognosis (4-6).

For a correct and comprehensive diagnosis, 
there is a need to assess, besides the cell mor-
phology and cytochemistry, immunophenotyp-
ing, cytogenetic, and molecular investigation for 
each patient. As the cytogenetic and molecular 
profile became indispensable for patients’ strat-
ification and identification of minimal residual 
disease, the genetic investigations are mandato-
ry. (7) An important step forward was registered 
when polymerase chain reaction (PCR) was in-
troduced for the assessment of minimal residual 
disease (MRD), for personalization of therapeu-
tic approaches. There are several methods used 

for MRD assessment: immunophenotyping us-
ing flow cytometry, PCR analysis of fusion prod-
ucts resulting from chromosomal translocations, 
and RQ-PCR  to determine the remission status. 
(8-11)

Patients and methods

Patients
The current study is a retrospective, descrip-

tive study, conducted at the Emergency Chil-
dren’s Hospital “Louis Turcanu” Timisoara that 
included patients diagnosed with ALL and treat-
ed between 2003 and 2012. The study includes 
167 consecutive children, with different sub-
types of ALL. Of these, 136 met the inclusion/ 
exclusion criteria.

Diagnosis of ALL
The following investigations were per-

formed for all patients on blood and bone mar-
row: white blood cell differential counts, light 
microscopy evaluation, immunophenotyping 
using the multicolor flow cytometer and genetic 
characterizations. Morphological classification 
was performed according to the FAB type. For 
Immunophenotyping, a panel of commercial-
ly available antibodies was used as previously 
described. BFM (Berlin‐Frankfurt‐Munster) cri-
teria were used for interpretation of the results, 
the thresholds being set to: 10% for intracellular 
markers and 20% for surface antigens. (12)

Conventional cytogenetic analysis of bone 
marrow was done by following the standard pro-
tocol, after 24 hour of unstimulated culture. For 
chromosome evaluation, GTG banding using 
trypsin for digestion and Giemsa staining was 
done. At least 30 metaphases were counted and 
karyotypes were reviewed in accordance with 
the ISCN (International System for Cytogenetic 
Nomenclature) regulations. Aneuploidies were 
considered only the cases where a minimum of 
two metaphases presented the same additional 
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chromosome and cases where three metaphases 
with the same chromosome loss could be found. 
For structural chromosome abnormality, at least 
2 clones with the same aberration were required 
in order to be considered a structural variant.  

For molecular genetic investigations, bone 
marrow samples were collected in EDTA tubes 
and used for RNA extraction. RNA samples were 
stored at -80°C until used for c DNA synthesis. 
Q-RT-PCR was done according to the optimized 
protocol previously described (13). We used 
assays designed to detect:  E2A-PBX1, MLL-
AF4, TEL-AML1, BCR-ABL1, SIL-TAL1.

Treatment
All our patients were treated in accordance 

with standard protocols ALL-BFM. Treatment 
administration was initiated after receiving the 
informed consent from the parents or tutors of 
the children. The hospital ethics committee ap-
proval was received prior to starting data collec-
tion.

Statistical analysis
Statistical analysis was performed using the 

IBM® SPSS® Statistics version 20.  Event-free 
survival (EFS) rates were estimated by the meth-
od of Kaplan and Meier, and were compared us-
ing the 2-sided log-rank test. A level of statisti-
cal significance p-value <0.05 was considered as 
significant.

Results

The cohort included 136 patients, 66.17% 
male and 33.83% female patients, aged between 
4 months-24 years, with a median age of 5 years. 

Regarding the French-American-British 
(FAB) classification of ALL patients based on 
the morphology allowed stratification of the pa-
tients in 3 groups: L1, L2, or L3. 109 patients 
(86%) were recorded as L1, 21 patients (14.4%) 
were recorded as L2 and one patient’s blasts 

(0.6%) presented L3 morphology. Flow cytome-
try was used to classify patients based on the im-
munophenotype: 68% of the patients presented 
a B-phenotype, 19% T-phenotype, and the rest 
were either mixed-phenotype acute leukemia or 
biphenotypic acute leukemia (MPAL) in a pro-
portion of 2.3% or ALL with aberrant myeloid 
marker expression (My+ALL)  in a proportion 
of 10.7%. Besides the molecular analysis ap-
plied within the diagnostic workup, conventional 
cytogenetic analysis was also performed. Kario-
typing was performed in 42.6% of the children. 
Hyperdiploidy was identified in 6.7%, whereas 
hypodiploidy in 3.7%.

In 35 out of 136 patients (25.7%), gene ex-
pression/fusion gene transcripts were detected 
by RT-PCR. We found 12.7% of the patients to 
be positive for TEL-AML1, 3% had MLL-AF4 
fusion gene, 3.3% were SIL-TAL positive, 3% 
patients presented the BCR-ABL1 fusion gene, 
3.7% were E2A-PBX1 fusion gene positive.

All patients were treated according to the 
BFM protocol, differentiated by risk groups: the 
standard risk (SR) group included 11.19% of the 
patients; the medium risk (MR) group consisted 
of the majority of the patients (69.4%), whereas 
the high risk (HR) group included 19.4% of the 
patients. High risk framing was done using the 
genetic mutation as the only criterion. Patients 
treated during the period 2003-2007 did not re-
ceive adequate supportive treatment (isolation, 
antifungal prophylactic treatment, pneumocystis 
prophylaxis), while the group treated in 2008-
2012 benefited from supportive treatment to 
replacement cytostatics in the case of allergy to 
the original product. In addition, the 2009 BFM 
protocol has as the sole criterion for monitoring 
the evolution of treatment minimal residual dis-
ease performing by flow cytometry and RT-PCR.

10 year-EFS for the entire cohort was 58% 
with a mean duration of survival of 6.662 ± 0.410 
years, CI=95%, but when comparing 5-year EFS 
rates between the patients treated between 2003-
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2007 and those treated in the second period 
(2008-2012), there was a significant difference: 
50.6% (mean 5.9 ± 0.534 years, CI=95%) vs 72 
% (mean 4.4 ± 0.289 years, CI=95%) respective-
ly (p=0.032) (Figure 1).

When comparing the survival rates between 
risk groups, we found that patients in the SR 
and MR group fared better than those in the HR 
group (66.7% and 63.9% for the SR and MR 
group compared to 23.8 % in the HR group, 
p=.001) (Figure 2).  

The survival analysis for each category of 
patients based on the presence of cytogenetic al-
terations showed that TEL-AML1 was associat-
ed with the best prognosis (pEFS = 79,5%), even 
better that the majority of the patients who did 
not present any detectable gene rearrangement, 
whereas BCR-ABL1 and SIL-TAL positive pa-
tients had a worse prognosis. The results are sta-
tistically significant (p=.004) (Figure 3). 

Patients presenting B-precursor ALL had 
a better outcome as compared with the T phe-

notype ALL (62.2% vs 41.7%) (Figure 4). Pa-
tients with lymphoblasts aberrantly expressing 
myeloid markers fared better that those with a 
T phenotype even though the survival curve in-
cluded the 2.3 % of patients with true MPAL. 

Discussions

Generally accepted prognostic factors for 
ALL are: age, leukocyte count, immunopheno-
type, and cytogenetic anomalies. (14-18) The 
most valuable markers, for their predictive val-
ue, are the immunological and biomolecular fea-
tures of the leukemic cells. (19-21)

The identification of fusion genes was used 
for risk stratification and as prognostic markers. 
Genetic anomalies were found in 25.7% of the 
patients enrolled in this study. The frequency of 
the genetic modification in the present study is 
lower than reported previously. Fusion genes 
were identified in 34 patients. The risk stratifica-
tion within the BFM protocols requires the iden-

Figure 1. Log-rank test to compare event-free survival for patients treated before 2008 
and after 2008
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Figure 3. Kaplan-Meier estimate of event-free survival based on the gene rearrangements 
identified

Figure 2. Kaplan-Meier estimate of event-free survival for the identified risk groups
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tification of the fusion genes associated with a 
poor prognosis: BCR-ABL1 and MLL-AF4. Mi-
nor BCR-ABL1 as a result of the translocation t 
(9; 22) and the MLL-AF4 fusion gene as a result 
of t (4; 11) had the same incidence (3%), both 
with a slightly higher incidence than reported in 
literature. TEL-AML1 was the most frequent fu-
sion gene identified. This is in accordance with 
previous reports showing that TEL-AML1 is the 
most common anomaly (incidence around 25%) 
in ALL patients in Western Europe and the Unit-
ed States (US) (22, 23). The incidence in the cur-
rent study was lower than reported in the West 
of Europe and the US, but comparable with the 
incidence reported in the Far East (12,7% in the 
current study and 13.4% in the Far East) (22). As 
previously reported, TEL-AML1 was found in 
younger children, 15 children were under the age 
of 7, one patient was 12 years old, and another 
one was 13 years old (23).

MLL-AF4 was found in 4 patients. This gene 
fusion is more frequent in neonatal ALL and has 

a lower frequency in older patients being asso-
ciated with a poor prognosis in both age groups 
(23).

BCR-ABL1 fusion gene is a hallmark for 
chronic myeloid leukemia (CML), but about 5% 
of pediatric ALL and 20-50% of adult ALL cases 
associate this genetic anomaly (24,25).  For ALL 
patients, the minor BCR-ABL1 fusion gene rep-
resents an indicator of poor prognosis (26). In 
the current study, patients exhibiting the BCR-
ABL fusion gene had an early relapse of the dis-
ease. E2A-PBX1 fusion gene is more common in 
non-Caucasians, being reported in about 5-6% of 
childhood ALL (27, 28). For patients exhibiting 
the E2A-PBX1 translocation, a poor prognosis 
is foreseen and therefore a more intensive che-
motherapy management is recommended (29). 
Patients exhibiting the E2A-PBX1 gene fusion, 
presented late relapses, after more than 3 years 
after the diagnosis. Different studies showed 
controversial results with respect to the prog-
nosis of the patients SIL-TAL rearrangements 

Figure 4. Kaplan-Meier estimate of event-free survival based on immunophenotype
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(30-32). In the present study, early relapses after 
diagnosis were registered for the patients having 
SIL-TAL rearrangements: one patient presented 
relapse in less than one year from the diagnosis, 
the other two patients relapsed between one year 
and two years after the moment of diagnosis. 

As far as the impact of immunophenotype is 
concerned, patients with precursor B cell leuke-
mia had a better outcome as compared with those 
presenting T phenotype. Patients with My+ALL 
seem to have a similar outcome with those with 
B-precursor ALL. The survival curve includes 
patients with true MPAL. It has been shown that 
true MPAL patients have a poor prognosis, es-
pecially in adults, and patients positive for the 
minor BCR-ABL1 fusion gene (33). None of our 
patients with MPAL expressed BCR-ABL1. 

The 10 year-EFS for the whole cohort was 
inferior to that reported in literature but, the 
comparative analysis between the outcome be-
fore and after 2008 showed a significant im-
provement, mainly due to a better diagnostic 
approach, but also due to the use of alternative 
Asparaginase preparations in cases with L-As-
paraginase allergy and to improved supportive 
care. In addition to this, access to unrelated he-
matopoietic stem cell donors has contributed in 
a positive way to the salvation of patients with a 
poorer prognosis. 

Conclusions 

The current study presents a single center ex-
perience regarding the management of children 
with ALL, and evaluates the factors that may im-
pact the prognosis of the patients. The frequency 
of gene fusion transcripts in the current study 
was lower as compared with other reports from 
the literature. TEL-AML1 was the most frequent 
gene fusion observed in the present study, but 
had a lower incidence than in the Western Eu-
ropean population. By using immunophenotyp-
ing and detection of fusion genes, stratification 

of the patients is possible and allows a better 
therapeutic decision making and evaluation of 
treatment response. Minimal residual disease 
(MRD)-based risk stratification of patients was 
introduced in the current protocols for managing 
children with ALL, and is considered the gold 
standard for risk assignment. 

Our analysis confirms the decisive value of 
the immunological and cytogenetic investiga-
tions in the diagnosis and the treatment stratifi-
cation of patients with ALL. It can also reveal 
some particular aspects. The extension of this 
analysis towards a multicentric approach involv-
ing a much larger number of patients would be 
appropriate for a more rigorous correlation be-
tween the biological markers and the outcome of 
our patients. 
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